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qUj eg~zgj 7v¥®¥ e\§ qUj{sj#q{O+HZ-[/21,351 ½ 56667519H":5\^] £Z6}²R:UjUce^p¥yj#i ­:r}qY{vLYhO~Ch¥}fgegcsryqUi ru{GqLh\qryq)­:egv¥I"Lhzgj4qe%©L~LW"eO§3qUj{qcvL qvUch¥
ÞÞ ôT_-55%+3











vU~r}q3r}c¥}j j#~qj#cj4hOqqUj:egcr}fOr}~jg²ífR²}w19H -{|r}~ ½ H8 5 e{ ½ H8 6gÍdr}c¥}j 1 8 3
rI{) j#~qj#cjµhOq>qUjGegcr}fOr}~µ­:r}qµchg^r}vL{vL{q>j#~UegvUfgý{i%h¥®¥yj#c)qLhO~C4{eqLh\q 1ý¢ +8 3Ï¦
rI{ egiLe{j@eO§3£µhOc #{:eg~ 1 8 3)­:r}q@q hO~Ufgj#~q:¥®ry~Uj{) e^~U~Uj qr}~Uf@qUj#i qeqUj£µReOr}~q{Ï²
:Ujkcj#ihr}~r}~Uf¶r}c¥}j{ 1 8 3 5666751 ½ 8 5¼h\cj4~Uj{qjý{e%qLhOq 1 8H rI{
r}~L{|rIjA1 8HG3 hO~Lh¥®¥`eO§:qUj r}c)chg^r®r3hOcjG¥}j{{qLh\~ ^wLjg²ífR²G198H`Lhg{ch^^ryvL{k 3½ 6Ñ`h^µeO§`qUj eg~zgj v¥®¥u{@1"¢7+8H¨¦`rI{) egikLe{jÆeO§3£ýhOc #{:eg~ 1 8H`­:r}q¾qhO~Ufgj#~q:¥®r}~Uj{ eg~U~Uj qsry~Uf@qUj#i
qe@qUj©Lc {q£ýReOr}~q {#²:Uj~vUi4pLj#c)eO§>{qcvL qvUc h¥LhO~Ufgj{j#~L e^vU~qj#cj¾r}~ýfgeOr}~Uf%§¨cegi
1ý¢ +8H|¦ qe 1"¢7+8HG3¦rI{>£¾{e4qUjqegqh¥L~vUi4pLj#c>eO§d{qcvL qvUc h¥«LhO~Ufgj{Lj#cs§Ãegcij
vUcr}~Uf@hO~@r}~L cj#ikj#~qhQ¥  eg~L{qcvL qr}eg~@eO§dqUj©L~Lh¥  eg~zgj @v¥®¥rI{)º)¢¤£ ½ ¦6
)Oryi rª¥IhOcs¥y´gw:hO~"r}~L cj#ij#~qh¥h¥}fgegcr}qUi&§¨egc e^~L{qcvL qr}~UfµqUj%¥}eO­:j#cj#~zgj ¥}egLj@eO§LhO°













































%Åu}Ê! #"1 51 %$ @
&T=!$Y% !" "('G$*){LhgeO­ ?%T=1 $,+ 1  ! %
)gLhgeO­¢#1 51  ¦T- 1.- 1"¢7/21@51  :^¦5
!  0/T"O%Z C21 1 % "C  $ O% ,#L	 1  6434!"L!"
&T
% )gLhgeO­¢#1 514¦Z-65F6


















Íd¥}jhOc#¢#1 ¦ - 1"¢7+`¦-=1@6
HGÊÊ4IKJ:Ðj#q C#1 1@6 &»r}c{sq {svUULe{j@qLhOq C!L1 Íd¥}jhOc¢#14¦6:Uj#~=qUj#cjkrI{{egij;1  1[+






























¶ 7!"Z1 $ 
;!"$@%  " g¢14¦^] g¢1Z}¦Z "1Z1 + 6 ) ¾Íd¥}jhOc#¢14¦
! % !""@	('G + L F%! %"%  ? + 

HGÊÊ4IKJ )gvUURe{j ^¢#14¦ ] ^¢#1  ¦6::Uj#~[)gLh^eQ­¢#1 51  ¦  eOzgj#c {hOq ¥yjh^{qLhQ¥ª§4qUj¶r}c°
 vUi4§¨j#cj#~L j%eO§V1@6¢7)gj#j &»ryf^vUcjlL²®¦>:Uj#cj §¨egcjgwjh^µeO§:qUj£1hOc#{ )gLhgeO­)¢#1@51®¦5





ÊÊ  }LÇ "^1 $  X!$ %YX" ^¢#14¦ ] ^¢#1Zu¦9  T11 + 6 )X1 -
1ý¢ +`¦5"c'F* " @" + !"





pUceDgj#~7h\cpr}qchOcr®¥}´' ^¢#1 3 ¦
	 ^¢#1 ½ ¦		 g¢1 8 ¦6Ðj#qO+ H -[/?1 3 5666751 H :pLjqUj+{sj#q`eO§qUj©Lc{q4\`r}c¥}j{#²  1LhOq>LhO~Ufgj{>#h\~eU# vUc>­>r®¥}jf^eOr}~Uf4§Ãcegi 1"¢7+H¨¦dqe=1"¢7+H  3Ï¦
¿¨§ 19HG3 P 1ý¢ +H¨¦)qUj#~ qUj#cjhOcj@~UeCLhO~Ufgj{Ï²>qUj#c­:rI{jgw
Í`egceO¥®¥IhOc´=Áµqj ¥®¥I{kvL{
qLh\q 1 H  3  e^~qcsrypUvUqj{`j Lhg q¥}´e^~Uj+hOc >qe
1"¢7+ H 3 ¦hQ¥ye^~Uf­2ryqqUjq­:e)qhO~Ufgj#~qd¥®r}~Uj{
 egi ry~Uf¾eCqUjkj#~LU{qLhOq)eO§>hOcO²:Uj{jqh\~Ufgj#~q












qLhOq O3,- ½ 64R>eg~Uj)e\§¸qUj)egqUj#chOc#{eg~@qUj eg~zgj @v¥®¥¸­2rª¥®¥pRjhj qj%p´kqUj>r}~L{j#cqr}eg~eO§T19HG3











 '(R/¸#4 &'(*)`, - /#
¿|~ qrI{%{j qr}eg~=­:j@vL{j@qUj@cj{sv¥yq {eO§qUj@Ucj#z^rye^vL{{j qsrye^~ qeýj{|r}fg~1hO~ ¡4¢¤£
¥}egf:£»¦
qr}ijr}~L cj#ij#~qh¥ h¥}fge^cr}qUi!§¨egc> eg~L{qcvL qsry~Uf%qUj eg~zgj @v¥®¥I{ +HZ-[/214351 ½ 5666751 H:5\ -956665 £ 6<Vj §¨egcj:cvU~U~r}~Uf4qUj>h¥}fgegcr}qUi¯qUjr}c¥}j{3h\cj>{egcqjGp´j cjh^{|r}~Ufchg^r}vL{
r}~¶¡ ¢¤£
¥}egf3£»¦`qsryikj­:r}q@qr}j{







 ýj4~UeQ­¯^rI{ vL{{UeQ­¯qeieU^r®§Ã´ 1"¢7+H ¦>qepRj egij=1"¢7+H 3#¦6  ýjhg{{svUij4qLhOq
­:jýh¥}cjhg´GD~UeO­ r®§R19H 3 P 1"¢7+H ¦hO~Lwdr®§~UegqwqUj#~1­:jdD~UeO­ {egijµLe\ry~q CN1
1ý¢ +H¨¦<=G1"¢7+H 3#¦6gÐ»hOqj#cwO­:j>{Lh¥®¥«{sj#j>UeO­=qe{hOqrI{|§¨´4qUj{jh^{{vUiUqr}eg~L{ r}~¡4¢¨¥}egf:£»¦
qr}ijg²
:Uj§ hg q {qLhOqqUj3 e\¥ª¥}j qr}eg~keO§¼hOc#{»eg~ 1"¢7+HK¦qepLj>j{qceO´gj+§Ãe^ciÀh eg~qr}~vUe^vL{
Lhr}~ hO~L"qLhOq 1 H  3keg~¥}´C eg~qcr}pUvUqj{4e^~Uj7hOc 4qeqUj~Uj#­ v¥®¥>Lj#ci4r}qvL{Gqe¾jhg{|r®¥}´
vUUhOqjqUj eg~z^j 7v¥®¥ ²
¿¨§ 19HG3 P 1"¢7+H¨¦)qUj#~ 1"¢7+H 3Ï¦ - 1"¢7+H¨¦hO~LYqUj#cjrI{4~Uegqry~Uf"qeýeL² ýj
qUj#cj §Ãegcj¬h^{{vUijµqLhOq@qLhOqqru{7rI{~íq{e=hO~L1qLh\q­:jdD~UeO­ {e^ij=CN1 1"¢7+H¨¦c=
1ý¢ +HG3Ï¦6
Ðj#q  1 1"¢7+H ¦+pRj@qUjk¥ªr}~Ujµ{j#fgij#~q4egchOc eg~W1"¢7+H¨¦)qLhOq e^~qhQry~L{ C   L1
1ý¢ +HG3Ï¦6  Yh¥BD7¥}eUED­:rI{j)§¨cegi h¥}eg~Uf=1ý¢ +H¨¦3j{qceO´gr}~Ufh¥®¥ hOc#{2qchzgj#c{jkvU~qr®¥





qe !hO~Lý­>h¥BDý egvU~qj#c¥}eUED­:rI{j@hOfhr}~Cj{qceO´gr}~Uf¶hQ¥ª¥>hOc#{vU~qr®¥>hOc  ½ 5­>rI hQ¥u{se{Lh\cj{>h{vUURegcqr}~Uf%qhO~Ufgj#~q>­:r}q 1 H  3?5rI{:j#~L e^vU~qj#cj²
:Uj#cjh\cj)q­3e#hg{sj{#²U¿¨§
O3O- ½ -qUj#~¶j ¥}j#qj §¨cegiqUj)qcj#j4hO~L%cj#¥Ihg jGr}qp´qUjq­:e{vUpµhOc#{eg~@pLe^q@j#~LU{>e\§  qLhOq>hOcj)~Ue^q>qUceO­>~kr}~qe%{LhgeO­1p´;19H 3?6U¿¨§
O3 L-  ½ qUj#~"ie·^r®§¨´  34hO~L  ½ p´µqcr}ii4r}~Ufe  qUj r}c4hOUUcegUcrIhOqjj#~LU{Ï²¿±~YpLe^q#hg{sj{#wg#h¥I v¥IhOqjqUj:vU~rut^vUj)hOceg~ 19H 3>¢|qUj:eg~Uj:pLegvU~Ljkp´GqUj{vUURegcqr}~UfGqhO~Ufgj#~q{












pRj#hOvL{j H   HZ] Ág£ ýI6
:Uj)UceU jvUcjj{ csrypRjµhOpLeOzgj)hg{{vUikj D~UeO­:¥}jfgj)eO§`{egikjReOr}~q9C`1 1"¢7+H¨¦=
1ý¢ + HG3 ¦    "j@~UeQ­ j{ cr}pLjýhO~1¡4¢¨¥}egf`£»¦4Uce· jvUcj@§¨egcjrI^r}~Uf=­>Uj#qUj#c;1 HG3 P





pRj¶hO~´ýLe\ry~q%eg~ 1 H  3?6Í`eg~L{¤ruj#c%qUj%r}~©L~r}qjc h´Ych­>~Y§Ãcegi Xµ¢±qUj j#~qj#ce\§ 143Ï¦
qUcegvUfg C  hO~L1pRj#´geg~L² V`´({jh\cr}~UfBqUjµpry~Lh\c´(qcj#jµp´(hO~UfO¥}jý­:jC#hO~B©L~L qUj
vU~rIt^vUj)LeOr}~q C`1 1"¢7+H¨¦eg~qUj
ch´g²O¿¨§C4rI{¥}e·#hOqjpRj#q¤­:j#j#~UX)h\~L C  eg~qUj>ch´4qUj#~




:Uj#cj §¨egcj 19H 3)j r}qUj#c)r}~qj#c{j q {qUjv¥ª¥`e^cru{qegqh¥®¥}´¶ eg~qhr}~Ujµp´@r}q² >vUc)Uceg°
 jvUcj4­:r®¥®¥dihr}~q hr}~¶hO~hOc )Lhr}~¾eO§ f^j#egij#qcrI#h¥®¥}´j cjhg{¤ry~Uf{¤ryÂ#j4{vLqLhOqr®§V19H 3
r}~qj#c{j q{kqUj@v¥®¥r}qi4vL{q4r}~qj#c{j q%qUjLhr}~²`¿ §+­:j@cjvL j¾qUj¶{¤ryÂ#j¾eO§)qUjLhQry~
eO­>~@qeGeg~UjhOchO~L@{qsrª¥®¥©L~L@~UeGr}~qj#c{j qr}eg~@qUj#~@­3j­:r®¥®¥WD~UeQ­1qLh\q 1 H  32rI{:qegqhQ¥ª¥}´
 eg~qhr}~UjÆp´%qUjv¥®¥±²
Ðj#q%Í`Lhr}~¢ @5   ¦pRjqUj7¥}eUED­:rI{j@Lhr}~=eO§hOc #{)eg~ýqUjv¥®¥ eg~U~Uj qr}~UfCh\c#{ 
hO~L  ~Uegqr}~L¥}vL^r}~LfhOc#{ (egc   qUj#i{sj ¥yz^j{#²
FÅ 
 
¶	@"@5     ' !" X%X " "O%Y "  ' !"
 "	 ! %
L!K9 !I% !9;19H 3?6a3"	 L# " ' L! ' ?%% Y% Y%A"
 " 'G;'F + "L)¿¨§
19H 3 ry~qj#c{sj q{
1"¢7+H¨¦qUj#~W19HG3 r}~qj#c{j q{kÍ`Lhr}~»¢  5    ¦6%"
  $  % L	  ;!
Í`LhQry~»¢ @5 ( ®¦6 )W $ % O ;" " &T!  %	
"%=	
% $ ;  9Y&T
d9! %   &Z!" ! %  !"7¡ ¢O¦ !"	

ÞÞ ôT_-55%+3
   !"" 7%	
4$!








   B     
&»r}fgvUcj   '1 H H»r}~qj#c {j qr}~UfÍLhr}~¢ @5 (®¦`i4vL{q:r}~qj#c{j q>qUj qe^e\§ 1ý¢1 51 î¦²
 G	
(' L!C21  ! % !I% !9 19H 36
     19H 3 !"7%"%V1"¢7+H¨¦ ";19H 3 !" %"%Í`LhQry~»¢ @5   ¦6
     1 H 3 !"7%"%V1"¢7+ H ¦ ";1 H 3 !" %"%Í`LhQry~»¢   5    ¦6
HGÊÊ4IKJ¸Ð«j#q 1@5F1  1   pLj4qUjk¢±~Uegq>~Uj j{{hOcr®¥}´vU~rIt^vUjO¦>cj{Lj qsryz^j r}c¥}j{qe%­>rI @5
(a pLj ¥}eg~UfR²
 ýj#hO~µUj D@r}~ý¡4¢ O¦`qr}ijGr®§`qUj#cjru{){segijReOr}~qr}~;Cd1   {vLµqLhOq^Cd1 19H 36
:Uj#cj §Ãegcj)­3j)i%h´@hg{{svUij)qLhOq:qUj#cjrI{:~Ue7{svL@ReOr}~q²
ÑLhOi4r}~Uj4qUjqvUpRj 1"¢#1@51  ¦6L2UjA '7eO§`qru{qvUpLjGrI{qUjLhOcq+ eg~U~Uj qsry~Ufµ¢hO~L
 eg~qhr}~r}~UfU¦ hO~L ar}~ qUj@¥}e· D­2ru{sj¶^r}cj qr}eg~²d¿ § 1 L- 1`qUj#~=qUjqe^=Lhg{GqUj
§¨egci hOc °K¥®r}~Uj{j#fgikj#~q°±h\cG­>r®¥yjgwRr®§41 - 1  5RqUj#~µqegÆru{){¤ryik¥y´µqUj¥}eUED­:rI{jhOc )eO§
1  §¨cegi!qUj)pRj#fOr}~U~r}~Uf@eO§  qe4qUj)j#~L@eO§   6)Or}i4r®¥IhOc¥}´gwRqUj $ L	¯eO§¸qUj)v¥®¥rI{
qUj
LhOcq eg~U~Uj qr}~Uf  hO~L1r}~qUj¥yeU D­:rI{j^r}cj qr}eg~"¢¤{j#j &»r}fgvUcj   ¦²
n:j#h¥®¥·qLhOq19HG3dej{»~UegqRry~qj#c{sj q "egc    62Uj#cj §Ãe^cjr®§I19H 3»r}~qj#c{j q{ÍLhr}~¢ @5   ¦
19H 3i4vL{q>j r}qUj#cpLj4hOpLeOzgjegc:r}~qj#c{j qqUj)qeg@e\§ 1"¢#1@51î¦>¢{j#j &»r}fgvUcj   ¦²
)gvUULe{j¾qUj#~=qLhOq 19H 3 ru{ j ryqUj#chOpLeOzgj%egc4r}~qj#c{j q {qUj qeg¾eO§ 1"¢#1 51  ¦5
{e^ij#qr}~Uf­:j)#hO~¶Uj Dr}~¶¡ ¢O¦dqr}ijg² Vj#hOvL{sj 19H 3:rI{
~Uegq¥IhOcfgj#c>qLhO~ 1 51Z 51Z U­:j
©L~LYqLh\q 1 HG3 #hO~C~Ue^qh¥I{eÆry~qj#c{sj qqUj pRegqqe^i%eO§ 1"¢#1@51  ¦6Ì
¥}eg~Ufµ­:r}qYqUj
§±hg qqLh\q=19H 3@ej{4~Ue^qj#~L¥}e{jýhO~´CReOr}~q4r}~    qrI{ ryik¥ªr}j{%qLh\q=19H 3@ej{4~Ue^q







:Uj#c§¨egcjkry~ ¡ ¢O¦)qr}ij@­:j@#hO~ j#qj#ci4r}~Uj%r®§4¢O¦rI{4qcvUjg²¿¨§
ryq ru{s~íqqUj#~=­:j@#hO~






 {|r}~UfµqrI{¥}j#iih@­:j#h\~ ^rI{ eOzgj#cry~=¡4¢ ¥ye^f3£»¦)qr}ij­>Uj#qUj#c 19H 3GrI{r}~L{|rIj@qUj
eO¥I¾ eg~z^j 7v¥®¥ ²R¿¨§dr}q:rI{
~Uegq>qUj#~@­:j^rI{ eOzgj#c)h4Le\ry~q^C 1 1"¢7+HK¦=91"¢7+H 3#¦6
n:j#h¥®¥>qLhOq)qUjh\c#{)hOcj D^j#Uq)r}~ýqUj4¥}jhzgj{eO§h%pry~Lh\c´ýqcj#j{e^cqj¾r}~=¥yeU D­:rI{j
egc j#c²LÑ`h^%r}~qj#c~Lh¥~UeUjkeO§¸qUj)qcj#j)qUj#cj §¨egcj egccj{Leg~LU{2qe{egikjÍ`LhQry~»¢ @5    ¦
eO§:qUj eg~zgj ¶v¥®¥ ² V´@¥}ee<D^ry~UfµhOqhk~Ue·jî{q­3e@rª¥Icj#~Y­:j#hO~ýh¥I{eLwRr}~C¡4¢ O¦3qsryikjgw
©L~L¾hOc  LhQ¥ª§¨­>h´pRj#q¤­:j#j#~ hO~L    e^~@qUjLhr}~²
Ðj#q%pRj4qUjceegqeO§`qUjGqcj#jg²Ðj#q pRj4qUjG©Lc{qhOc r}~µqUj4qcj#jh\~L ( qUj)¥Ihg{sq
eg~Uj%¢  "j)­:r®¥ª¥3hzge\ru¾^rI{ vL{{|r}~UfqUjUvUcj ¥}´qjU~rI#h¥`j#qhr®¥I{eO§`ihr}~qhr}~r}~Ufh !$
egc j#c#¦²dÍUjEDµr}~=¡4¢\¦qr}ijkr®§+hO~´¶ReOr}~q4eg~    5 @5e^cqUj%qhO~Ufgj#~q)¥®r}~Uj eg~U~Uj qr}~Uf
qUj#i rI{G eg~q hr}~Uj@r}~ 1 H  3 6¿¨§:´gj{cj#qvUc~ý{vLýhReOr}~q4hO~Lµ{qeg²R¿¨§:~UegqqUj#~ !  1 H 3
!"7%"% 1"¢7+H¨¦ !*	
%9! % Í`LhQry~¢  5    ¦3{e4­:j#hO~¶hOU¥}´@qUj¥}j#ii%hU²
:Uj@fgj#~Uj#ch¥>{qj#=eO§qUj7hQ¥yf^egcr}qUi hg{{vUij{GqLhOqGr}qGru{¥yeU#hOqj=h\q {segijkry~qj#c~LhQ¥
~UeUjk­>Ue{j)c hO~UfgjrI{Í`Lhr}~»¢  5    ¦:{vL¾qLhOq¢¨r¨¦`~UeReOr}~q
r}~ @5Uegc    rI{> e^~qhQry~Uj
r}~W19HG34hO~L ¢¨r®rÃ¦
r®§,1 H  3Gr}~qj#c{j q { 1"¢7+H¨¦qUj#~µr}q)i4vL{qr}~qj#c{j qÍLhr}~¢ @5 ( ®¦6¿±~
¡ ¢O¦¸qsryikj:©L~L   Lh¥®§¨­2h´4pLj#q­:j#j#~ (h\~L    eg~%qUjLhr}~² R>eO­ hOU¥}´qUj2¥yj#ikihU²¿¨§
¢^²®¦drI{>qcvUjqUj#~¾­:jih´%cj#qvUc~µhO~´%Le\ry~q)eg~ (r}~L{|rIj=19H 3)hO~L{sqegpRj#hOvL{j{vL
h4ReOr}~q












Ðj#q + -B/C3¢D¦56665ECF8¢#D¦7:pRjh@{j#q)eO§>£YLhOchOpReO¥Ihg{#wFCFH|¢#D«¦4-BJHD ½ N P HD NWQ H#6:Uj r}c
¥}eO­:j#c>j#~z^j ¥ye^LjGrI{:qUj)§¨vU~L qr}eg~ SG¢#D¦T- i ry~H"U 8TCFH|¢#D«¦6U:Uj¥}eQ­:j#c>j#~zgj ¥}egRj #h\~h¥I{epLj
qUe^vUfgq
eO§3hg{>h4i ry~r}ihQ¥{jt^vUj#~L j4eO§dLhr}c{)¢D  5\  ¦5\ -À*666 ­>Uj#cj D3
	 D ½ ] D@5D -  5D[-5{vL@qLhOq SG¢#D«¦T- CFH¢#D«¦d§Ãe^c D  3O] D	 D  6
 $$! 





   !"" 7%	
4$!
3 ½  8  3
8
8  38  ½
½ 8
&»r}fgvUcj  'gÌ~@j xhOik¥yjr}~@­>rI@qUj)~vUipRj#c:eO§ {qcvL qvUch¥LhO~Uf^j{dr}~@qUjr}~L cj#ikj#~qhQ¥








hg{3ryq:­>hg{r}~@qUj#hg{j)e\§ r}c¥}j{  r}q:rI{:~Uegq>^r®³7 v¥}qqe  e^~L{qcvL q>h{j#q:eO§LhOchOpReO¥Ihg{>{vL
qLh\q>qUjqegqh¥~vUi4pLj#c>eO§dLhO~Uf^j{:qLhOq:eU# vUc+vUcr}~UfqUjry~L cj#ij#~q h¥  eg~L{qcvL qr}eg~@eO§







 ýj¶{h´ýqLhOq CFH 	 C  r®§¢#JH5 P HE5 Q H¨¦ 	&¢#J  5 P  5 Q  ¦)r}~ qUj@¥}j rI egf^chOUrIµ{j#~L{jgwr ² jg²
JLH 	 J  5e^cVJLH - J  hO~L P H 	 P  egc4JLH- J  5 P H- P  h\~L Q H 	 Q  6^Ì+{{vUijqUj#~@qLhOqqUj
LhOc hOpLeO¥Ihg{2Lhz^j)pLj#j#~¶{segcqj@{e4qLh\q C3




¶9 $ L ,CFHG3  L + !" %GS H¢#D¦O9^	
?%^
&T 'F!"% *)L%^CFH 3
 L! $ 
9	
?%^ L#







{e^ij  {vLqLh\q^C  ¢#D«¦ 	 CFH 3¢#D¦§Ãe^ch¥®¥;] \75RhO~Lh¥®¥ D 	  5r}jg²}wGS H|¢#D¦	 CFHG3¢D¦
§¨egch¥®¥ D	  6






r}q²`Ð«j#qRD ½ - i ry~/?D D3 ' S H¢#D«¦ -BCFH 3¢#D¦ :pLj@qUj@~Uj ·qGr}~qj#c{j qr}eg~=eO§qUjq­:e vUcz^j{#²¢±¿¨§:qUj#cjGrI{)~Ue{vLý{j eg~L¾r}~qj#c{j qsrye^~ýqUj#~µqUjG¥}j#iih%rI{egpz^rye^vL{|¥}´¶qcvUj 
qrI{
ih´e^~¥y´%eU# vUc>r®§VJ34- J ½ - L- JH 3?6®¦Ðj#qVC  pRjqUjGLhOchOpReO¥Ih{vLqLhOqOSH|¢#D ½ ¦*- C  ¢#D ½ ¦6L2Uj#~¶hOq D -[D ½ qUjGLhOchOpReO¥IhC H 3 {­:r}qUj{ §Ãce^ipRj r}~UfCpRj ¥yeO­ C!qe"pLj r}~Uf h\pLeOzgj%r}q²`:rI{Gr}i¥®r}j{%qLhOq@C  ¢#D ½ ¦ 	C H 3 ¢#D ½ ¦3¢|­>Uj#cj9C K¢#D¦»ru{2qUjj#cr}zQhOqsryz^j)eO§GChOq9D6®¦9)Or}~L j C   ¢#D«¦T- J  ] JLH  3O- C  HG3 ¢D¦qrI{+ryik¥ªr}j{4qLhOq§Ãe^ch¥®¥ D.D ½ wFC  ¢D¦
	 C H  3 ¢#D«¦{e S H¢#D¦ ] C  ¢#D«¦	 CFH 3¢#D¦ ²¼:rI{ijh\~L{)qLhOq D34hO~LXD ½ hOcjqUj4eg~¥}´µr}~qj#c{j qr}eg~ýReOr}~q {)eO§TCFHG3 ­:r}q S H2{se CFHG3k#hO~eg~¥}´ eg~qcr}pUvUqj4hOq:ie{q










Í`egvU~qr}~Uf qUjCLhO~Ufgj{kr}i¥®r}j{µqLh\q@jhg ~Uj#­ LhOch\pLeO¥Ih #h\~(eg~¥}´Bry~L cjhg{jYqUj
~vUi4pLj#ceO§3hOc#{:e^~qUj¥yeO­:j#c>j#~zgj ¥}egLj4p´7xwUUceOzgrI^r}~UfhO~UegqUj#c>UceeO§`qLhOq>qUjihr}°














¶	  '<'F?% "C  	XCFH4!" "
 Y2!" ;'!
9!" 49 C  ¢#D¦ 	XCIH±¢#D«¦ 
%	







%^!" $ " $ 
;"
$^ D  $ L" =" ! ?9 D 6
ÞÞ ôT_-55%+3








S HZ- SH 36
)gqhOcq4hOq4qUjceegq² &Ue^cjh^"r}~qj#c~Lh¥>~Ue·j µz^rI{|r}qjYqhD^jqUj%pUcjhDLe\ry~q=D  h^{°
{eUrIhOqjY­:r}q"r}qhO~Lýqj{q)r®§VC H 3 ¢#D  ¦	 S H ¢#D  ¦
- C H ¢D! ¦6»¿¨§>r}qGrI{G­3jkcj#LegcqRD hO~L
{qeg² >qUj#c­:rI{j%­:jUj Dµ­>rIYeO§3qUj4§Ãe\¥ª¥}eO­:r}~UfµqUcj#j4Le{{|r}pr®¥ªr}qrKj{4e·# vUchO~L¬qhDgj
qUj)hOUUce^UcrIhOqj)hg qr}eg~'R¢¨r¨¦CFH~Uj#zgj#cr}~qj#c{j q{ZCFH26)gqeg%qUjUceU jvUcjcj#Legcqsry~UfkqLhOq
S H - SH 3?6d¢¨r®r¨¦:Ujkry~qj#c{sj qr}eg~=LeOr}~q#¢¤{ ¦ Dý­
Uj#cj CIH±¢#D«¦ - CIH O¢#D«¦:ru{ "QhOcj%qeqUj¥}j §¨q
eO§4D  62Uj#~¶f^e@qeqUj4¥}j §Ãqr®¥u"eO§ ¾hO~Lµ eg~qsry~vUjg²d¢ rªr®r¨¦+2Ujr}~qj#c{j qsrye^~ýLeOr}~q#¢¤{ ¦ D





pLj#q­:j#j#~;D  hO~L;D   3?6¿ §¸qUj#´@eGry~qj#c{sj q
cj#Regcqh\~%ry~qj#c{sj qr}eg~ReOr}~qwRegqUj#c­:rI{j)cj#Le^cq>qLhOqOSH - SH 36
:rI{:UceU jvUcjqh Dgj{:¡4¢¨¥}egf:£¦dqr}ijh\~L%j ryqUj#cqj ¥®¥I{:vL{:qLhOq4SHZ- S HG3e^c3cj#Legcq {
hGLe\ry~q4D@{vL@qLhOq CIH  3¢#D«¦^] S H±¢#D«¦62ru{2LeOr}~q DkrI{eg~%qUjvU~rut^vUjh\c>e\§ICIH  3
­>rI
rI{h^UjqeqUj4~Uj#­¥}eO­:j#cj#~zgj ¥}egLjg² !>r}zgj#~XD¾­:j #h\~¶qUj#cj §Ãe^cj­>h¥BDqeqUjG¥}j §¨qhO~L
cr}fgq4r}~ qUj@qcj#j@j ¥yj#qsry~Uf hQ¥ª¥hOc #{4qLhOq4Lhzgj@qeµpLjj ¥}j#qj ¢±qUj#´µ§Ãe^ci hýLhQry~¦ry~





)Ory~L j  H   H ] Á^£ ý4qUj)qe^qh¥cvU~U~r}~UfqsryikjeO§¸qru{h¥}fgegcsryqUi!rI{
¡£
























Ì0ih\¤e^ce^Lj#~1Ucegp¥}j#i ru{kqUjj#zgj ¥}egUikj#~q%eO§hO~ eg~¥®r}~Ujýh¥}fgegcr}qUi §Ãegc%{eO¥}zgr}~Uf
qUj{sj)Ucegp¥}j#i{#wUjg² fLwgfOr}zgj#~h\~hOcpr}qchOc´ {sjtgvUj#~L jGeO§ r}c¥}j{ e^~L{qcvL q:qUj{jt^vUj#~L j)eO§
 eg~zgj @v¥®¥I{O1"¢7+H¨¦5g©L~L^r}~Uf%jhg eg~z^j v¥®¥r}~@qr}ijîUcegRegcqr}eg~LhQ¥xqe4qUj)~vUi4pRj#c
















gih bedkjlYmYon hep [Sb h W/]+fGqror=sG tmuvR wxmyR  z G{L m x m|
 tc"~}C&N/&%++//+=,*0?('&~i c C0i&V  /-+-  0a}C&
+=/  S  0,$'&)  S  2H;<IPm6MN>PFN7e6mMV@G6m;QNFNMHE=@GFH>!;FN8@#6m;+ m8G¡+EIPI6`<¢QH8LF
6/\QHD8LMH8LQK>!;£+>P7)8L;QN>P6m;¤mT?¥1¦GW p Z§+b¨d©U1[]o[m^ZlU1W]LªLZlU1WX3Y=«b¬Zl­l®GW/XkZ	 wmwtRt¯mwS{Ntmz°|
 °c"k&)±,/²+²=,²=  *³V2N´@G6m;+ 8G¡)+EIPIµ</I!6mMH>!FH7´¨6mM£+>PQ5@GQSR<;=£?<DDIP>¶@L</FN>P6m;QSR T~U1W/XYo«b¬Z'­®GWX·Z
¸ d®GW¦L¹KjYY=nºqCrs¬°uLR	 wmwtRo z G»µ Sx |
ÞÞ ôT_-55%+3
Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1
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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
ISSN 0249-6399
